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® A stenotic dilatation device (10) includes a plu- 
rality of elongated atherotomes (28) with cutters 
mounted on the outer surface of a flexible balloon 
(12) along predetermined crease lines. The at- 
herotomes are aligned along the longitudinal axis of 
the catheter. The ends of the balloon are attached to 
a hollow catheter tube (14) over fluid ports in the 
catheter which establish fluid communication be- 
tween the catheter and the internal chamber of the 
balloon. Fluid flow into and out of the chamber will 
inflate and deflate the balloon. When the balloon is 
deflated, retraction of the atherotomes toward the 
longitudinal axis of the catheter causes the creases 
and lines to form flaps of the balloon membrane 
material between adjacent atherotomes. In such de- 
flated configuration, the flaps, rather than the cutters 
of the atherotomes, contact the vessel wall as the 
device is manipulated into position adjacent a 
stenotic site. On inflation of the balloon at the 
stenotic site, the atherotomes are urged against the 



stenosis to incise the stenosis. The incisions relieve 
pressure in the wall of the vessel and thus enhance 

dilation of the vessel by the balloon. After dilation, 
the balloon is deflated and the device is removed. 
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FIELD OF THE INVENTION 

The present invention relates generally to de- 
vices which treat stenoses in blood vessels. More 
particularly, the present invention relates lo an- 
gioplasty devices. The present invention particu- 
larly, though not exclusively, relates to an an- 
gioplasty device which enhances dilation of a ves- 
sel wall across a stenotic section by incising the 
stenosis to relieve stress in the vessel during dila- 
tion. 

BACKGROUND OF THE INVENTION 

Blockage of hunnan arteries is a widespread 
malady and. as such, represents a significant 
health concern. Blockages reducing blood flow 
through the coronary arteries to the heart can 
cause heart attacks, while blockages reducing 
blood flow through the arteries to the brain can 
cause strokes. Similarly, arterial blockages reduc- 
ing blood flow through arteries to other parts of the 
body can produce grave consequences in an af- 
fected organ or limb. 

The build-up of atherosclerotic plaque is a chief 
cause of blockages, termed stenoses, which re- 
duce blood flow through the arteries. Consequently, 
several methods have been introduced to alleviate 
the effects of plaque build-up restricting the artery. 
One such method is a procedure termed angioplas- 
ty, which uses an inflatable device positioned at the 
stenosis to dilate the artery. A typical angioplasty 
device is disclosed in U.S. Patent No. 4,896,669 to 
Bhate et al. The device of Bhate et al is typical 
and. like other angioplasty devices, includes an 
inflatable balloon which is attached to the distal end 
of a hollow catheter. The proximal end of the 
catheter is attached to a fluid source. To treat an 
arterial stenosis, the balloon is introduced into the 
artery in a deflated state and guided through the 
artery over a guide wire to a position adjacent the 
stenosis. Fluid from the fluid source is then infused 
into the balloon via the catheter to inflate the bal- 
loon. As the balloon expands, it presses against 
the arterial wall in the region of the stenosis, dilat- 
ing the artery at the stenosis and restoring it to a 
sufficient size for adequate blood flow. The balloon 
is then deflated and removed from the artery, 
thereby completing the treatment. 

While effective for dilating blood vessels, an- 
gioplasty-deviees simultaneously traumatize the tis- 
sue of the vessel wall. The dilation procedure can 
sometimes excessively stress the tissue of the wall, 
even to the point of tearing il. Dire consequences 
to the patient such as an acute occlusion or a 
thrombosis can result. To address this shortcom- 
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ing. angioplasty devices have been developed 
which employ a cutting element in cooperation with 
the balloon to reduce stress on the tissue of the 

vessel wall. 

5 One particular disadvantage of an angioplasty 

device which employs a cutting element, however, 
is that the cutting element can be exposed to 
surrounding healthy tissue during placement of the 
device in the blood vessel of a patient, even when 

70 the balloon is deflated. As a result, the sharpened 
cutting element can inadvertently damage healthy 
tissue with which it comes in contact. Accordingly, 
the present invention recognizes a need to provide 
an angioplasty device which effectively employs a 

75 cutting element in cooperation with a balloon dur- 
ing a procedure for dilitation of a stenosis, yet 
protects healthy tissue from damage during place- 
ment of the device in a blood vessel to be treated. 
It is therefore an object of the present invention 

20 to provide an angioplasty device that can dilate a 
vessel while minimizing trauma to the tissue of the 
vessel wall by forming stress-relieving incisions 
therein. Another object of the present invention is 
to provide an angioplasty device having a sharp 

26 cutting element which can be guided into an artery 
where the stenosis occurs without significantly 
damaging healthy tissue along its path. Yet another 
object of the present invention is to provide an 
angioplasty device that is relatively easy to use 

30 and cost-effective to manufacture. 

SUMMARY OF THE INVENTION 

A balloon catheter is provided for enhancing 

35 dilation of a vessel wall across a stenotic segment 
by incising the stenosis to relieve stress in the 
vessel during dilation by the balloon. In accordance 
with the present invention, such a device com- 
prises a balloon, a plurality of atherotomes moun- 

40 ted on the outer surface of the balloon, and a 
catheter in fluid communication with the balloon. An 
atherotome, for purposes of the present invention, 
is taken to be a metallic blade-like structure em- 
bedded in a polyurethane substrate. 

45 Prior to insertion of the device into the vessel, 

the balloon is deflated. When deflated, each at- 
herotome mounted on the outer surface of the 
deflated balloon is aligned along the longitudinal 
axis of the catheter and is circumferentially equidis- 

50 tant from each adjacent atherotome. Further, each 
atherotome is attached to the balloon along a 
crease in the balloon that is longitudinal to the axis 
of the catheter. As attached, the blade of each 
atherotome projects readily outward from the axis 

55 of the catheter. Retraction of the atherotomes to- 
ward the longitudinal axis of the catheter during 
deflation of the balloon forms a flap in the balloon 
between adjacent atherotomes. Each flap has a 

2 
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folded edge that is generally parallel to the axes of 
each atherotome and the catheter. In such a de- 
flated insertion configuration, the folded edges and 
flaps, rather than the blades of the atherotomes, 
contact the vessel wall as the device is manipu- 
lated into position adjacent a stenotic site, thus 
shielding the unocciuded vessel walls from contact 
with the cutting edges of the blades in the at- 
herotomes. 

Following insertion of the device through the 
vessel and into contact with stenoses, the balloon 
is inflated. The atherotomes aligned on the outer 
surface of the balloon are urged into contact with 
the plaque creating the stenosis. As the balloon is 
further inflated, the stenosis is incised by the 
blades of the atherotomes. The incisions relieve 
stress in the wall of the vessel and enhance dilation 
of the vessel. It will be appreciated that the balloon 
may be guided to the stenotic segment through a 
protective sheath to further minimize the possibility 
of damage to the vessel wall. At the stenosis, the 
balloon can then be extended from the sheath and 
positioned across the stenosis. 

After dilation of the vessel, the balloon is de- 
flated. Deflation of the balloon causes the balloon 
to collapse at the creases and have the at- 
herotomes resume their retracted positions along 
the creases. Again, during withdrawal of the device 
from the vessel, the flaps and folded edges of the 
flaps will shield the wall of the vessel from the 
blades of the atherotomes. 

The novel features of this invention, as well as 
the invention itself, both as to its structure and its 
operation, will be best understood from the accom- 
panying description, in which similar characters 
refer to similar parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of the present 
invention showing the atherotomes mounted on the 
Inflated balloon. 

Figures 2A, 2B. and 2C are perspective views 
of the components of an atherotome shown before 
attachment to the outer surface of the balloon. 

Figure 3A is a cross-sectional view of the 
stenotic dictation device of the present invention as 
seen along line 3-3 in Figure 1 . 

Figure 38 Is a cross-sectional view of the 
stenotic dilltation device of the present invention as 
shown in Figure 3A, but showing the balloon de- 
flated. 

Figure 4A is a schematic cross-sectional view 
of the deflated device of the present invention as 
seen along line 4-4 in Figure 1 within its intended 
operational environment. 

Figure 48 is a schematic cross-sectional view 
of the inflated device of the present invention as 
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seen along line 4-4 in Rgure 1 within its Intended 
operational environment. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

5 

Referring initially to Figure 1 , the stenotic dilita- 
tion device of the present invention is shown in- 
flated and generally designated 10. Device 10 in- 
cludes a balloon 12 positioned near the distal end 

10 13 of a hollow catheter 14. Catheter 14 has an 
extended length and is connected at its proximal 
end to a conventional apparatus (not shown) which 
has a plurality off ports formed therein. The use of 
various apparatus are well known to those skilled in 

IS the art for a variety of functions including place- 
ment of a guide wire in a catheter during position- 
ing of a balloon assembly in a blood vessel, pres- 
surized infusion of fluids into a balloon assembly 
using a catheter, or withdrawal of fluids or other 

20 materials from a balloon assembly through a cath- 
eter under vacuum during operation of an an- 
gioplasty device. 

Figure 1 also shows that inflated balloon 12 is 
substantially cylindrical between a distal annulus 

25 16a of the outer surface 18 of balloon 12 and a 
proximal annulus 16b of outer surface 18 of balloon 
12. As shown, end 22a of balloon 12 is inwardly 
tapered from distal annulus 16a toward catheter 14. 
Similarly end 22b of balloon 12 is inwardly tapered 

30 from proximal annulus 16b toward the catheter 14, 
As further shown in Figure 1, tapered ends 22a, 
22b are formed with an aperture 24a, 24b acces- 
sing the interior of balloon 12 and are substantially 
coaxial with the longitudinal axis of catheter 14. 

35 As further shown in Figure 1, catheter 14 en- 

ters balloon 12 through proximal aperture 24a and 
exits balloon 12 through distal aperture 24b. Ac- 
cordingly, catheter 14 coaxially extends through 
balloon 12 and sealingly engages the inner surface 

40 20 of balloon 12 (as shown in Figure 3A) at ap- 
ertures 24a, 24b to prevent fluid communication 
between the interior of balloon 12 and apertures 
24a, 24b. Sealing engagement is provided by ad- 
hesive bonding, thermal bonding, or any means 

45 well known in the art. Figure 1 also shows that 
extending from distal end 13 of catheter 14 is a 
flexible tip 26 which is made by forming a continu- 
ous helical slit along the tip 26 from distal point 
26a of tip 26 to proximal point 26b of tip 26. 

50 Figure 1 further shows balloon 12 includes a 

plurality of substantially identical atherotomes 28a, 
28b, 28c mounted on outer surface 18 of balloon 
12 aligned along the longitudinal axis of catheter 14 
and circumferentially equidistant from each adja- 

55 cent atherotome. (Only atherotomes 28a, 28b are 
visible in the view of Figure 1.) Further, although 
only these atherotomes are shown for device 10 in 
Figure 1, it will be appreciated that additional at- 
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herotomes 28 can be employed. 

Figures 2A. 2B. and 20 are perspective views 
of components and embodiments of the at- 
herolomes 28. As shown in Figure 2A, an at- 
herolome 28 for the present invention can be a 
metallic blade-like structure 30 embedded in a 
polyurethane substrate 32. As shown, the blade-like 
structure has a cutting edge 31. Figure 2B shows 
the preferred embodiment of blade-like structure 30 
prior to being embedded into substrate 32. In Fig- 
ure 2B it is shown that the structure 30 has a 
cutting edge 31, step extensions 33a and 33b and, 
for purposes of the preferred embodiment, a plural- 
ity of semi-circular grooves 35a,b, and c forward 
into the base 37. As shown, the groves 35a, b,c 
which are each perpendicular to the longitudinal 
axis of structure 30 for enhanced flexibility of the 
structure 30. As indicated in Figure 28, structure 
30 will be embedded into polyurethane substrate 
32 (see Figure 2A) to cover the structure 30 from 
hash-marked line 39. 

Figure 2C shows an alternate embodiment of a 
cutter device 34 which is also embeddable in a 
polyurethane substrate 32. As shown, the cutter 
device 34 has a base 41 formed with a cutter edge 
43. and integral step extensions 45a and 45b. 

As indicated in Figure 1. the atherotomes 28a, 
28b, 28c will be as shown in Figure 2A. At- 
herotome 28 may, however, be of an embodiment 
as shown in Figure 28 or 2C. Either way they are 
attached by an adhesive to outer surface 18 of 
balloon 12 along the longitudinal axis of catheter 14 
and circumferentially equidistant from each adja- 
cent atherotome. 

The details of the stenotic dilatation device 10 
are perhaps best seen with reference to Figures 3A 
and 38. Referring initially to Figure 3A, a cross- 
sectional view of device 10 along line 3-3 in Figure 
1, balloon 12 is shown in an inflated configuration. 
The thicknesses of balloon 12 between outer sur- 
face 18 and inner surface 20 is exaggerated for 
purposes of Illustration. Atherotomes 28a, 28b, 28c 
are shown attached to balloon 12 and substantially 
equidistant from each adjacent atherotome. Further, 
they are aligned along the longitudinal axis of cath- 
eter 14. The present embodiment of device 10 
shows three atherotomes, but four or more at- 
herotomes may be attached to balloon 12 in accor- 
dance with the present teaching. 

Figures 3A and 38 show catheter 14 extending 
coaxially through balloon 12. Catheter 14 is shown 
as a single lumen catheter, although multiple lumen 
catheters, as are well known in the art, may be 
employed in device 10. One or more ports 36a, 
36b in the wall of catheter 14 are shown positioned 
within the interior of balloon 12 to enable the infu- 
sion or withdrawal of fluid from balloon 12 through 
catheter 14. Referring to Figure 38, a cross-sec- 



tional view of device 10 along line 3-3 in Figure 1, 
balloon 12 of stenotic dilatation device 10 is shown 
in a deflated configuration prior to insertion into a 
blood vessel. Balloon 12 will also assume this 

5 configuration after incisions are made in a stenosis 
, and preparatory to removal of device 10 from the 
vessel. As shown in Figure 38, when balloon 12 is 
deflated, each atherotome 28 mounted on outer 
surface 18 of balloon 12 is still aligned along the 

10 longitudinal axis of catheter 14 and is circumferen- 
tially equidistant from each adjacent atherotome 
28. As further shown in Figure 38, on deflation of 
balloon 12. outer surtace 18 of balloon 12 is recon- 
figured and a plurality of creases 38a. 38b, 38c are 

75 formed on outer surface 18 of balloon 12, which 
result in a plurality of concave sides 40a, 40b, 40c. 
In pairs these concave sides 40a, b,c form flaps 
42a. 42b. 42c which are actually folds in the sur- 
face of the balloon 12 between creases 38a, 38b, 

20 38c respectively. Thus, upon retraction of at- 
herotomes 28a, 28b. 28c, toward the longitudinal 
axis of catheter 14 during deflation of balloon 12, 
each pair of the flaps 42a. 42b. 42c. in balloon 12 
straddle one of the atherotomes 28a. 28b. 28c. 

25 Flaps 42a, 42b. 42c are shown to extend substan- 
tially the entire length of balloon 12 between distal 
annulus 16a and proximal annulus 16b. to shield 
the lumen of an artery from contact with cutting 
edges 32 of the atherotomes 28. 

30 Referring now to Figure 5, an alternate embodi- 
ment of the present invention incorporates a dual 
lumen catheter which is shown and generally des- 
ignated 50. As shown, dual lumen catheter 50 
includes an inner catheter 52 which is coaxially 

35 aligned inside an outer catheter 54. Importantly, 
inner catheter 52 has a central lumen 56 which 
extends the length of dual lumen catheter 50 for 
receiving a guide wire therethrough. Further, the 
outer diameter of inner catheter 52 is sufficiently 

40 shorter than the inner diameter of outer catheter 52 
to establish a fluid lumen 58 between the coaxial 
catheters 52 and 54. This fluid lumen 58 terminates 
at a port 60 which is located inside balloon 12. 
Figure 5 also shows that the proximal tapered end 

45 22b of balloon 12 is attached to the outer surtace 
of outer catheter 54. and that the distal tapered end 
22a of balloon 12 is attached to the outer surtace 
of inner catheter 52. Consequently, with a fluid tight 
seal between distal tapered end 22a and catheter 

50 52 there can only be fluid communication with 
balloon 12 through fluid lumen 58. 

OPERATION 

55 In the operation of stenotic dilitation device 10, 

reference is made to Figures 4A and 48. Initially, 
balloon 12 is deflated while positioned at the 
stenosis 44 within artery 46 as shown in Figure 4A. 
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Positioning of device 10 is performed in accor- 
dance with well-known surgical techniques and 
may employ a guide wire (not shown) threaded 
through catheter 14 as discussed above in conjunc- 
tion with Figure 5. 

Once stenotic dilation device 10 is in place at 
stenosis 44, it is inflated as shown in Rgure 4B by 
infusion of fluids from a fluid source (not shown) 
into balloon 12 through catheter 14 and ports 36a, 
36b. Inflation of balloon 12 causes cutting edge 31 
in each atherotome 28a, 28b, 28c to incise 
stenosis 44. This relieves some stress on the wall 
of artery 46 while dilating stenosis 44. The Inci- 
sions made in stenosis 44 correspond in length to 
the length of atherotomes 28a, 28b, 28c and are 
predetermined to be shallower than the wall of 
artery 46 so as not to penetrate through artery 46. 
After balloon 12 incises and dilates stenosis 44, It 
is deflated by withdrawing fluid from balloon 12 
under vacuum through catheter 14 and ports 36a, 
36b. Stenotic dilitation device 10 is then removed 
from artery 46. 

While the particular stenotic dilitation device as 
herein shown and disclosed in detail is capable of 
obtaining the objects and providing the advantages 
hereinbefore stated, it is understood that this par- 
ticular treatment device is merely illustrative of 
presently preferred embodiments of the invention. 
It is further understood that the present invention is 
not intended to be so limited and that other em- 
bodiments are further possible within the scope of 
the present invention. 

Claims 

1. An angioplasty device for dilating a stenosis in 
a blood vessel which is characterised by com- 
prising: 

a catheter having a dista! end and a proxi- 
mal end; 

a flexible balloon membrane having an in- 
ner surface, an outer surface, a distal end, and 
a proximal end, said distal end of said balloon 
membrane being attached near the distal end 
of said catheter, and said proximal end of said 
balloon membrane being attached to said cath- 
eter at a distance proximal from the distal end 
of said catheter to said catheter; and 

a plurality of atherotomes mounted on the 
outer surface of said balloon membrane and 
aligned along the longitudinal axis of said cath- 
eter. 

2. A device according to Claim 1. wherein said 

catheter is in fluid communication with said 
balloon membrane through fluid ports formed 
in said catheter between said distal end and 
said proximal end of said balloon membrane. 
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3. A device according to Claim 1 or 2 wherein the 
balloon membrane has a substantially cylin- 
I drical shape when inflated and forms a plurality 

of concave sides when deflated. 

5 

! 4. A device according to any one of Claims 1 to 
! 3, wherein each of said atherotome comprises 

! a blade-like structure with a base, and said 

base is embedded in a substrate such that a 
10 cutting-edge of the blade-like structure pro- 

trudes from said substrate. 

5. A device according to Claim 4, wherein said 
blade-like structure and base is formed from 

76 metal. 

6. A device according to Claim 4 or 5, wherein 
said structure is formed having step extensions 

in the base of each said structure for perma- 
20 nently embedding said structure in said sub- 

strate. 

7. A device according to any one of Claims 4 to 
6. wherein said structure is formed having a 

25 plurality of semi-circular grooves formed into 

the base of said structure to enhance longitudi- 
nal flexibility of said structure. 

8. A device according to any one of the preced- 
30 ing claims wherein said atherotomes are per- 
manently mounted to said outer wall of said 
balloon membrane. 

9. A device according to Claim 8 wherein each 
35 said atherotome is permanently mounted on 

said outer surface of said balloon membrane 
with an adhesive bond applied to the outer 
surface of said balloon membrane, in patches 
substantially codimensional with the substrate 
40 surface to be attached to said outer surface of 

said balloon membrane. 

10. A device according to any one of Claims 4 to 
9, wherein said substrate is formed from a 

45 resinous material. 

11. A device according to any one of Claims 4 to 
9, wherein said substrate is made of polyure- 
thane. 

50 

12. A device according to any one of the preced- 
ing claims, wherein said plurality of said at- 
herotomes consists of three or more of said 
atherotomes. 

55 

13. A device according to any one of the preced- 
ing claims wherein each said atherotome is 
circumferentially equidistant from each adja- 
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cent said atherotome. 

14. A device according to any one of the preced- 
ing claims wherein a plurality of creases are 
formed in the surface of said balloon mem- s 
brane to form flaps in said balloon membrane 
when said balloon membrane Is deflated, each 
crease being in substantially parallel alignment 
with the longitudinal axis of said balloon to 
provide an attachment point for one said at- io 
herotome and position said atherotome be- 
tween said flaps. 
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